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mixture of ingredients for animal feed in a mixer wagon
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in the tank(5) orin an outlet ramp (14) of the mixer wagon
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spectra or between pairs of consecutive mean absor-
bance spectra are determined, for each variation a re-
spective weighted variation is determined as a function of
an elapsed time (Tpass;) from the start of the mixing
process to the determination instant of the variation or
an actual duration of the mixing (Tmix ), and a target
duration of the mixing (Tmixr,,), and the homogeneity of
the mixture is evaluated based on the weighted varia-
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Description

Cross reference to related patent Applications

[0001] This patent application claims priority of Eur-
opean patent application no. 23208976.3 filed on 10
November 2023, the content of which is incorporated
herein by reference.

Technical field

[0002] The present invention relates to a method for
monitoring the homogeneity of a mixture of ingredients of
an animal feed recipe inside a container of a mixer wagon
or at an outlet device of the mixer wagon.

[0003] In particular, the present invention finds advan-
tageous, but not exclusive, application in the optimal
management of a recipe of ingredients for feeding rumi-
nant livestock, to which the following description will
make explicit reference without losing generality.

Background

[0004] The feed commonly used for ruminant animals
on most modern farms is represented by a single mixture
distributed in a trough. This feed is obtained by mixing
together different ingredients such as hay, silage, grains,
water, supplements, and is referred to in technical jargon
as TMR (Total Mixed Ration), or Unifeed. The animals are
typically divided into homogeneous groups according to
their nutritional needs and a nutritionist defines, for each
group of animals, an optimal recipe of ingredients to meet
the needs of the animals in that group of animals. The
recipe defines the order wherein the ingredients are
loaded, the quantity of each ingredient per head of live-
stock and the resulting total weight of the ration per group
of animals, which is obtained as the sum of the contribu-
tions of the different ingredients, and the contribution of
each ingredient is obtained by multiplying the weight of
the ingredient by the number of animals in the group.
Consequently, different groups of animals are fed with
different recipes in terms of type and quantity of ingre-
dients.

[0005] The mixture, or TMR, is created by loading one
ingredient at a time inside a tank of a mixer wagon and
adjusting the quantity by weight of each ingredient which
is loaded, as a function of the weight measured by load
cells applied to the tank and as a function of chemical and
physical parameters of the ingredient which is loaded,
such physical and chemical parameters being deter-
mined based on measurements of the electromagnetic
spectrum reflected and/or absorbed by the mixture per-
formed with an optoelectronic instrument, e.g., a Near
InfraRed (NIR) analyser. In order for the measurements
made with the optoelectronic instrument to be reliable,
the mixture of ingredients already in the tank mustreach a
sufficient degree of homogeneity.

[0006] A sufficientdegree of homogeneity mustalso be
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achieved at the end of the mixing process before dis-
tributing the mixture in the trough. In fact, if the mixture
has a poor homogeneity, the animal would easily go to
select those ingredients which are most palatable, thus
negating one of the most important advantages of TMR,
namely providing a balanced ration capable of preventing
metabolic imbalances in the animal.

[0007] Systems are known for determining the homo-
geneity of the mixture in the tank of a mixer wagon by
exploiting measurements of an NIR analyser.

[0008] German Patent Application no.
DE102010033886A1 describes a system which acquires
a sequence of reflectance spectra of the mixture in the
tank of a mixer wagon to predict quantities of nutrients,
e.g., dry matter, protein, fibre, and determine their varia-
tion over time by calculating the standard deviation re-
ferring to a particular nutrient, e.g., dry matter. When the
standard deviation falls below a certain threshold, it is
assumed that the desired homogeneity has been
achieved.

[0009] European Patent Application no.
EP4223147A1 describes a system which performs an
analysis of reflectance spectra acquired in time se-
quence during the mixing process. In particular, a linear
transformation also known as Principal Component Ana-
lysis (PCA) is applied to the reflectance spectra. The
mixture will reach the desired homogeneity when the
number of acquired and transformed spectra, having
relative distances comprised between the mean value
and a multiple of the standard deviation, exceeds a
predetermined threshold.

[0010] The systems described above for determining
the homogeneity of the mixture in the tank of a mixer
wagon are very costly in terms of the computing re-
sources required, processing time and economic re-
sources to build and update the predictive models which
when applied to the acquired spectra allow the nutrients
in the TMR to be predicted. In particular, the systems
described above require rather long processing times
which introduce significant delays in the evaluation of the
level of homogeneity achieved. In more detail, the system
described in application DE102010033886A1 requires
accurate predictive models for the TMR, with consequent
high costs for creating and subsequently updating the
models. The system described in application
EP4223147A1 must perform complex calculations for
the linear transformation of the acquired spectra.

Summary

[0011] The aim of the present invention is to provide a
method for monitoring the homogeneity of a mixture of
ingredients in a mixer wagon, which method is free of the
drawbacks described above and, at the same time, is
easy and inexpensive to implement.

[0012] In accordance with the present invention, a
method for monitoring the homogeneity of a mixture of
ingredients for animal feed inside a container of a mixer
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wagon, and an apparatus for mixing ingredients of an
animal feed recipe, as defined in the appended claims,
are provided.

[0013] The claims describe preferred embodiments of
the presentinvention, to be considered an integral part of
the present description.

Brief description of the drawings

[0014] The present invention will now be described
with reference to the attached drawings, which illustrate
show a non-limiting embodiment thereof, wherein:

- figure 1 illustrates a perspective view from one side
of a mixer wagon configured to implement the meth-
od of the present invention;

- figure 2 illustrates the mixer wagon according to a
perspective view from the opposite side; and

- figure 3illustrates the mixer wagon according to the
perspective view of figure 1 during a different imple-
mentation of the method of the present invention.

Description of embodiments

[0015] In figures 1 to 3, a mixer wagon for mixing the
ingredients of a recipe for feeding animals, and in parti-
cular ruminant livestock, is indicated overall with 1. The
recipe ingredients comprise, for example, hay, silage,
grains, water, supplements.

[0016] The mixer wagon 1 comprises a frame 2 pro-
vided with wheels 3, a plurality of load cells 4, and in
particular four load cells 4 mounted at the corners of a
rectangular portion of the frame 2, and a container, and in
particular a tank 5, which is mounted on the load cells 4 to
weigh the contents of the tank 5. In the example shown,
the mixer wagon 1 is of the towed type and therefore the
frame 2 is provided with a towing eye 6.

[0017] The mixer wagon 1 comprises a motorised mix-
ing system 7, which is applied to the tank 5 for mixing the
ingredients in the tank 5. The mixing system 7 comprises,
for example, an auger 8 (figure 1) with a vertical axis,
designed to rotate inside the tank 5, and a motor (not
illustrated) for rotating the auger 8.

[0018] The tank 5 is open above to be able to receive
the ingredients. In particular, the tank 5 has a bottom 9, on
the inner side of which the auger 8 is mounted, and a side
wall 10, which surrounds the bottom 9. The tank 5 has an
outlet opening 11, obtained in a portion 12 of the side wall
10 adjacent to the bottom 9 to let out the mixture, i.e., the
TMR, at the end of a mixing process.

[0019] Hereinafter, mixing process is intended as the
entire process which comprises loading the ingredients
one atatime into the tank 5 and mixing the ingredients as
they are loaded into the tank 5 until reaching the mixture
ready for distribution.

[0020] The mixer wagon 1 comprises an outlet device
13 for the exit of the mixture during a distribution process
of the mixture into a trough (not illustrated) following the
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mixing process. The outlet device 13 comprises an exit
ramp 14 which projects outside the tank 5 from a lower
side of the outlet opening 11. Preferably, the outlet device
13 comprises ahatch (notillustrated) for closing the outlet
opening 11 so as to retain the ingredients in the tank 5
during the mixing process.

[0021] According to an alternative embodiment not
illustrated, the unloading outlet comprises a conveyor
belt, which has aninlet end communicating with the outlet
opening 11 to withdraw the mixture exiting from the tank
5, and the outlet ramp is connected to the exit end of the
conveyor belt.

[0022] With reference to a mode of use illustrated by
figure 2, the mixer wagon 1 comprises an electromag-
netic spectrum analyser 15, which is mounted on the tank
5 with a reading window thereof (not visible in figure 2)
facing towards the inside of the tank 5 to acquire reflec-
tance spectra of the mixture in the tank 5 during the
mixing process.

[0023] The electromagnetic spectrum analyser 15 is
an optoelectronic instrument of known type designed to
provide reflectance spectra of electromagnetic radiation
in a range of the electromagnetic spectrum comprising
visible light and/or infrared radiation. Preferably, the elec-
tromagnetic spectrum analyser 15 operates in what is
known as the near-infrared (NIR) range of electromag-
netic radiation and is therefore also commonly called NIR
analyser.

[0024] The electromagnetic spectrum analyser 15
comprises an electromagnetic radiation source to 'illumi-
nate’ the mixture and an electromagnetic radiation sen-
sor to acquire the electromagnetic radiation reflected by
the mixture. The reflectance spectrum provided by the
electromagnetic spectrum analyser 15 in practice com-
prises a plurality of reflectance values acquired for a
corresponding plurality of wavelength values in the elec-
tromagnetic spectrum range wherein the electromag-
netic spectrum analyser 15 operates.

[0025] The electromagnetic spectrum analyser 15
further comprises a processing unit thereof to process
the reflectance spectra in order to obtain other quantities
related to the mixture, as will be explained in detail here-
inafter.

[0026] Always with reference to figure 2, the electro-
magnetic spectrum analyser 15 is mounted on the tank 5
so that its reading window is placed in a portion 16 of the
side wall 10 of the tank 5, near the bottom 9 and sub-
stantially opposite the portion 12 wherein the outlet open-
ing 11 is obtained. In other words, the reading window of
the electromagnetic spectrum analyser 15 is placed in
front of a portion of the internal volume of the tank 5
wherein there is reasonably always a good quantity of
mixture kept moving by the auger 8. In particular, the
reading window is a few tens of centimetres away from
the bottom 9 so that it is in front of a portion of the internal
volume of the tank 5 wherein there is a high flow of
mixture.

[0027] With reference to the mode of use illustrated by
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figure 3, the electromagnetic spectrum analyser 15 is
mounted at the outlet device 13, and in particular below
the outlet ramp 14 with the reading window 17 thereof
facing the flow of mixture passing through the outlet ramp
14 to acquire reflectance spectra of the mixture during the
mixture distribution process. In particular, the outlet ramp
14 has a through opening 18 (figure 1) and the electro-
magnetic spectrum analyser 15 has the reading window
17 coupled with the opening 18 and facing upwards.
[0028] Finally, the mixer wagon 1 comprises a proces-
sing and control unit 19 (figure 2), which is integral, for
example, with the frame 2 or with the tank 5, comprises a
memory 20 for storing parameters and reference data, is
designed to receive data from the electromagnetic spec-
trum analyser 15 and weight values from the load cells 4,
and is optionally designed to control the mixing system 7.
[0029] The processing and control unit 19 and the
processing unit of the electromagnetic spectrum analy-
ser 15 are configured to implement the method for mon-
itoring the homogeneity of the mixture of ingredients
described hereinafter.

[0030] The method for monitoring the homogeneity ofa
mixture of ingredients will be described with reference to
the two modes of use illustrated in figures 2 and 3. As
mentioned above, the mode of use of figure 2 refers to
monitoring of the homogeneity of the mixture in the tank 5
during the mixing process, while the mode of use of figure
3 refers to monitoring the homogeneity of the mixture in
the outlet device 13 during the distribution process.
[0031] Withreference tothe mode of use offigure 2, the
electromagnetic spectrum analyser 15 acquires a se-
quence of reflectance spectra of the mixture in the tank
5 at respective and consecutive time instants, according
to a preestablished measurement period, during the
mixing process.

[0032] The processing unit of the electromagnetic
spectrum analyser 15 processes the acquired reflec-
tance spectra to obtain respective absorbance spectra
of the mixture. In particular, the absorbance value for the
j-th wavelength is calculated with the following known

formula:
rc¢; —rd;
_ ] ]
aj — _loglo <—>

rr; — rdj

wherein re; is the reflectance value of the mixture ac-
quired for the j-th wavelength, rr; is a reference reflec-
tance value which is measured on an inorganic, stable
material characterised by reflectance levels much higher
than those of the mixture to be analysed, and rd/- is the
reflectance value of the mixture reading 'dark’, i.e., the
reflectance value of the mixture when the light source is
switched off. Since the relation rr>re;> rdjis always valid
for each j-th wavelength, then the absorbance values a;
are always positive.

[0033] Hereinafter, A; will denote the absorbance
spectrum acquired at the i-th time instant of the mixing
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process and representable as a vector of absorbance
values aj; acquired at the i-th time instant for the j-th
wavelength.

[0034] Inessence, the absorbance spectrum atthei-th
time instant A;comprises a plurality of absorbance values
obtained at the i-th time instant for a corresponding
plurality of wavelength values, preferably in the near-
infrared electromagnetic radiation range.

[0035] The processing and control unit 19 receives the
sequence of absorbance spectra from the electromag-
netic spectrum analyser 15 and performs the following.
[0036] For each pair of consecutive absorbance spec-
tra A, ; and Aj, i.e., at the generic i-th time instant, a
respective spectrum variation is determined.

[0037] According to a further alternative embodiment,
the spectrum variation at a generic i-th time instant is
determined based on a pair of consecutive mean absor-
bance spectra A, and A, each mean absorbance spec-
trum being calculated as the average of the last conse-
cutive absorbance spectra within a moving time window
ending with the i-th time instant, i.e., according to the
formula:

o (xN=La,
AL:( k (;V i k)

wherein N is the number of time instants in the moving
time window. For each spectrum variation obtained at the
i-th time instant, a respective weighted variation is de-
termined as a function of the elapsed time from the
beginning of the mixing process to the i-th time instant,
indicated hereinafter by Tpass; and as a function of an
objective duration of the mixing process, indicated here-
inafter by Tmix .

[0038] At this point, the homogeneity of the mixture is
evaluated based on the weighted variations. In other
words, the weighted variations are considered an index
of the homogeneity of the mixture.

[0039] Advantageously, the mixing system 7 s
stopped to suspend the mixing process when a certain
desired degree of homogeneity is reached. At this point,
the mixture can be distributed in a trough (not illustrated)
by controlling the opening of the hatch associated with
the outlet opening 11 and the mixing system 7 to rotate
the auger 8 so as to favour the exit of the mixture from the
outlet opening 11.

[0040] Advantageously, the spectrum variation at the i-
thinstant comprises a respective Euclidean distance ora
respective squared Euclidean distance between the two
vectors representing the pair of consecutive absorbance
spectra A;_; and Ai. In particular, the Euclidean distance
at the i-th time instant d is calculated with the following
formula:
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2 n
di_q; = z (aj,i—l - aj,i)2

j=1

wherein n is the number of wavelengths of each absor-
bance spectrum, a;; or more simply aj;, is a value of the
vector corresponding to the absorbance spectrum ac-
quired for a j-th wavelength at the i-th time instant and
therefore a;;_; is a value of the vector corresponding to the
absorbance spectrum obtained for the same wavelength
at the time instant preceding the i-th time instant.
[0041] According to a further embodiment, the vectors
for which the Euclidean distance is calculated are ob-
tained from a processing of the absorbance spectra A;_;
and Aij which involves a mathematical treatment using
what is known as the Standard Normal Variation (SNV).
[0042] With reference to the above embodiment which
determines the spectrum variation based on a pair of
consecutive mean A, and A, absorbance spectra, the
spectrum variation at the generic i-th time instant com-
prises a respective mean Euclidean distance or a re-
spective squared mean Euclidean distance calculated
between two representative vectors of the consecutive
mean absorbance spectra obtained in the manner de-
scribed above.

[0043] Advantageously, the weighted variation at the i-
th time instant is equal to the product of the respective
spectrum variation by a respective weight JVi, which is
calculated by means of the following formula:

W, =1/1 (1 4 L Passi )
. = 0 —_—
' 82 TMiXrarg

wherein Tpass;is the elapsed time from the beginning of
the mixing process to the i-th time instant and Tmixr,, is
the target duration of the mixing process.

[0044] Specifically, the weighted variation at the i-th
time instant comprises the product between the Eucli-
dean distance d;and the respective weight W; calculated
at the i-th time instant.

[0045] Advantageously, the evaluation of the homoge-
neity of the mixture based on the weighted variations
comprises the steps of comparing each weighted varia-
tion with a predefined threshold value, indicated herein-
after with dwref, and verifying the achievement of a
certain degree of homogeneity as a function of the num-
ber of successive weighted variations which are less than
the threshold value dwref.

[0046] Inparticular, the desired degree of homogeneity
is defined by a minimum number Nd of successive
weighted variations having values less than the threshold
value dwref.

[0047] More in detail, the verification of the achieve-
ment of the desired degree of homogeneity comprises
the following steps:
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- at each weighted variation less than the threshold
value dwref, incrementing a counter by 1;

- at each weighted variation greater than or equal to
the threshold value dwref, resetting the counter to
zero; and

- generating an achievement event of the desired
degree of homogeneity when the counter reaches
the minimum number Nd.

[0048] Advantageously, the comparison of each
weighted variation with the threshold value dwref com-
prises a preliminary normalisation step of the values of
the weighted variations, i.e., it comprises the following
steps performed at the i-th time instant:

- normalising each weighted variation with respecttoa
weighted variation of maximum value among the
weighted variations determined from the beginning
of the mixing process up to the i-th instant; and

- comparing each normalised weighted variation with
a normalised threshold value dwrefn.

[0049] In particular, the normalisation of the weighted
variations consists of dividing each weighted variation by
the aforesaid maximum value weighted variation so that
the normalised weighted variations assume values com-
prised between 0 and 1. The threshold value dwref is
transformed into the normalised threshold value dwrefn
so that the latter also assumes a value comprised be-
tween 0 and 1. For example, normalised threshold value
dwrefnis calculated by dividing the threshold value dwref
by the aforesaid maximum value.

[0050] A normalised threshold value dwrefn equal to 0
is equivalent to a condition of ideal homogeneity, i.e., a
degree of homogeneity corresponding to a sequence of
perfectly identical absorbance spectra. A normalised
threshold value dwrefn near 1 is equivalent to a condition
of coarse homogeneity, i.e., a degree of homogeneity
corresponding to large variations between absorbance
spectra.

[0051] Therefore, with the preliminary normalisation,
the verification of the achievement of the desired degree
of homogeneity is performed based on the comparison
between the normalised weighted variations and the
normalised threshold value dwrefn.

[0052] Withreference tothe mode of use of figure 3, the
method for monitoring the homogeneity of a mixture of
ingredients of the invention differs from the mode related
to figure 2 in the following respects.

[0053] The electromagnetic spectrum analyser 15 ac-
quires a sequence of reflectance spectra of the mixture
crossing the outlet device 13, and in particular the outlet
ramp 14, at respective and consecutive time instants
during the distribution process of the mixture in a trough.
[0054] Foreach spectrum variation obtained at the i-th
time instant, a respective weighted variation is deter-
mined as a function of the actual duration of the mixing
process Tmix, and the target duration of the target
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mixing process Tmixr,,,. In particular, the weighted var-
iations are equal to the respective spectrum variations
multiplied by a single weight which remains constant
during the distribution process and which is calculated
by means of the following formula:

Tmix,.
W =1/log, (1 +.—) :
Tmixrarg
[0055] The evaluation of the homogeneity of the mix-
ture based on the weighted variations comprises the step
of verifying the loss of the desired degree of homogeneity
as a function of the number of successive weighted
variations which are greater than the threshold value
dwref.
[0056] In particular, the verification of the loss of a
certain desired degree of homogeneity comprises the
following steps:

- ateach weighted variation greater than said thresh-
old value dwref, incrementing a counter by 1;

- ateach weighted variation less than or equal to said
threshold value dwref, resetting the counter to zero;
and

- generating a loss event of the desired degree of
homogeneity when the counter reaches a preestab-
lished minimum number Nd.

[0057] Advantageously, the verification of the loss of
the desired degree of homogeneity is performed based
on the comparison of the normalised weighted variations
with the normalised threshold value dwrefn. In particular,
each weighted variation is normalised with respect to that
weighted variation of maximum value among the
weighted variations determined during the mixing pro-
cess preceding the distribution process.

[0058] According to an alternative embodiment, each
weighted variation is normalised with respect to a
weighted variation of maximum value between the
weighted variations determined from the beginning of
the distribution process up to the i-th instant (determina-
tion instant of the weighted variation). Such an embodi-
ment can be used when the method for monitoring homo-
geneity is not used during the mixing process.

[0059] Advantageously, the distribution process is
stopped when a certain desired degree of homogeneity
is lost. At this point, the hatch of the outlet device 13 is
closed, the electromagnetic spectrum analyser 15 is
reassembled on the tank 5 (figure 2) and the mixing
process in the tank 5 is reactivated to achieve the desired
degree of homogeneity again.

[0060] According to a further embodiment not illu-
strated, the mixer wagon 1 comprises, instead of the tank
5, anoblong tank and, instead of the vertical-axis auger 8,
atleast one horizontal-axis auger arranged longitudinally
in the oblong tank, i.e., parallel to the longitudinal axis of
the mixer wagon 1.
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[0061] According to a further embodiment not illu-
strated, the mixer wagon 1 is self-propelled, i.e., the
wheels 3 are motorised.

[0062] According to a further embodiment not illu-
strated, the processing and control unit 19 is not integral
with the mixer wagon 1, e.g., itis mounted on the towing
vehicle, and is remotely and communicatively connected
with the electromagnetic spectrum analyser 15 and the
load cells 4 through wireless radio communication means
of known type, for example comprising a gateway pro-
vided with a 4G/5G modem, or a WiFi router, or a pair of
Bluetooth devices, depending on the distance to be
covered and the radio propagation environment wherein
it must operate. Therefore, the mixer wagon 1, the elec-
tromagnetic spectrum analyser 15 and the processing
and control unit 19 form an apparatus for mixing the
ingredients of an animal feed recipe.

[0063] According to a further embodiment not illu-
strated, a memory implemented in a cloud server is used
to store data acquired from the electromagnetic spectrum
analyser 15 and from the load cells 4 and/or data ob-
tained from the processing of the method described
above.

[0064] The main advantage of the method and the
corresponding mixer wagon 1 described above is to
optimise the achievement of the desired degree of homo-
geneity of the mixture, which in practice translates into an
optimisation of the mixing time with respect to a given
degree of homogeneity of the mixture to be achieved.
This is mainly due to the following aspects.

[0065] Firstly, the method determines variations be-
tween successive pairs of absorbance spectra which
are weighted as a function of an elapsed time from the
start of the mixing process and a target mixing time,
modulating the successively acquired variations over
time according to the expected course of the mixing
process and amplifying the distances measured in the
instants preceding the target duration of the mixing pro-
cess Tmixp,, until the unit weight is obtained at the
moment when the time elapsed from the beginning of
the mixing process to the i-th time instant (Tpass;) coin-
cides with the target duration of the target mixing process
TmiXrapg.

[0066] Furthermore, the desired degree of homogene-
ity is defined by a minimum number Nd of successive
weighted variations having values less than said thresh-
old value.

[0067] Finally, the counter which resets to zero when a
weighted (normalised) variation greater than or equal to
the threshold (normalised) value dwrefn is obtained also
allows relevant absorbance spectra to be taken into
account, even if they are far from the mean value of
the variations.

[0068] It is observed that optimising the achievement
of the desired degree of homogeneity inside the tank 5 is
an important precondition for a correct distribution of the
mixed ration along a trough such as to ensure that all
animals in the group which are eating there have access
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to the same food, i.e., to the same nutrient supply, re-
gardless of the position of the animals along the trough.

Claims

1. Method for monitoring the homogeneity of a mixture
ofingredients for animal feed inside a container (5) of
a mixer wagon (1) during a mixing process of the
ingredients producing a mixture, or at an outlet de-
vice (13) of the mixer wagon (1) during a distribution
process of the mixture in a trough following the
mixing process, the method comprising:

- acquiring, by means of an electromagnetic
spectrum analyser (15) with a reading window
(17) thereof facing towards the inside of the
container (5) or, respectively, towards the flow
of mixture crossing the outlet device (13), a
sequence of reflectance spectra of the mixture
at respective and consecutive time instants dur-
ing the mixing process or, respectively, during
the distribution process;

- processing the reflectance spectra to obtain
respective absorbance spectra (A;);

- determining variations between pairs of con-
secutive absorbance spectra or between pairs
of consecutive mean absorbance spectra, each
mean absorbance spectrum being calculated as
the average of a plurality of consecutive absor-
bance spectra within a moving time window
ending with the determination instant of the var-
iation;

- for each variation, determining a respective
weighted variation as a function of an elapsed
time (Tpass;) from the start of the mixing process
to the determination instant of the variation, or,
respectively, an actual duration of the mixing
process (Tmix,.;), and a target duration of the
mixing process (Tmixr,,); and

- evaluating the homogeneity of the mixture
based on the weighted variations.

2. Method according to claim 1, wherein each of said
absorbance spectra (A;) comprises a plurality of
absorbance values (a/-,,-) acquired for a correspond-
ing plurality of wavelength values, in particular in the
near-infrared range.

3. Method according to claim 1 or 2, wherein each of
said variations comprises a respective Euclidean
distance (d;) or a respective squared Euclidean dis-
tance between two vectors defined by the relative
pair of consecutive absorbance spectra (A,.4, Ai) or
defined by a processing of the relative pair of con-
secutive absorbance spectra or defined by the re-
spective pair of consecutive mean absorbance spec-
tra, in particular such a Euclidean distance (d;) being

]
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calculated by means of the following formula

2 n
di_1; = Z (@i-1 — ;)%
j=1

wherein n is the number of wavelengths of each
absorbance spectrum and a; ;is a value of the vector
corresponding to the absorbance spectrum or the
mean absorbance spectrum obtained for a j-th wa-
velength at an i-th time instant.

Method according to any one of claims 1 to 3, where-
in when said reading window (17) is facing towards
the inside of the container (5), said weighted varia-
tion is equal to the product of the respective variation
by a respective weight (W;), which is calculated by
means of the following formula

Tpass; )

W; =1/log, (1 + TiXrmrg

or, respectively, when the reading window (17) faces
towards the flow of mixture crossing the outlet device
(13), said weighted variation is equal to the product of
the respective variation by a weight (W), which is
calculated by means of the following formula

Tmixes )

w=1/1 1+
/ og2< Tmixrg,g

wherein Tpass; is the elapsed time from the begin-
ning of the mixing process to the i-th time instant at
which the variation is determined, Tmix, is the
actual duration of the mixing process and Tmixr,,
is the target duration of the mixing process.

Method according to any one of claims 1 to 3, where-
in evaluating the homogeneity of the mixture based
on the weighted variations comprises:

- comparing each weighted variation with a pre-
defined threshold value (dwref); and

- when said reading window (17) faces towards
the inside of the container (5), verifying that a
certain desired degree of homogeneity has
been reached as a function of the number of
successive weighted variations which are less
than the threshold value (dwref); or

- when said reading window (17) is facing to-
wards the flow of mixture crossing the outlet
device (13), verifying the loss of a desired de-
gree of homogeneity as a function of the number
of successive weighted variations which are
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greater than the threshold value (dwref).

Method according to claim 5, wherein said desired
degree of homogeneity is defined by a minimum
number (Nd) of successive weighted variations hav-
ing values less than said threshold value when said
reading window (17) is facing towards the inside of
the container (5), or which have values greater than
the threshold value when said reading window (17) is
facing towards the flow of mixture crossing the outlet
device (13).

Method according to claim 5, wherein when said
reading window is facing towards the inside of the
container (5), verifying the achievement of a certain
desired degree of homogeneity comprises:

- at each weighted variation less than said
threshold value (dwref), incrementing a counter
by 1;

- at each weighted variation greater than or
equal to said threshold value (dwref), resetting
the counter to zero; and

- generating an achievement event of the de-
sired degree of homogeneity when the counter
reaches a preestablished minimum number
(Nd).

Method according to claim 5, wherein when said
reading window (17) is facing towards the flow of
mixture crossing the outlet device (13), verifying the
loss of a certain desired degree of homogeneity
comprises:

- at each weighted variation greater than said
threshold value (dwref), incrementing a counter
by 1;

- at each weighted variation less than or equal to
said threshold value (dwref), resetting the coun-
ter to zero; and

-generating aloss event of the desired degree of
homogeneity when the counter reaches a pre-
established minimum number (Nd).

9. Methodaccordingto claim 5 or 6, wherein comparing

each weighted variation with a predefined threshold
value (dwref) comprises:

- normalising each weighted variation with re-
spect to a weighted variation of maximum value
between the weighted variations determined
from the beginning of the mixing process, or
from the beginning of the distribution process,
up to said determination instant of the variation,
when said reading window (17) is facing towards
the inside of the container (5), or, respectively,
when the reading window (17) is facing towards
the flow of mixture crossing the outlet device
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10.

1.

12.

13.

(13); and
- comparing each normalised weighted variation
with a normalised threshold value (dwrefn).

Method according to claim 5 or 6, wherein said
distribution process follows said mixing process;
comparing each weighted variation with a prede-
fined threshold value (dwref) comprising:

-when the reading window (17)is facing towards
the flow of mixture crossing the outlet device
(13), normalising each weighted variation with
respect to a weighted variation of maximum
value among the weighted variations deter-
mined during the mixing process; and

- comparing each normalised weighted variation
with a normalised threshold value (dwrefn).

Method according to any one of claims 1to 9, where-
in said reading window (17) is facing towards the
inside of the container (5) and the mixing process is
performed by a motorised mixing system (7) applied
to the container (5), the method comprising:

- stopping the motorised mixing system (7) to
suspend the mixing process when a certain
desired degree of homogeneity is reached.

Method according to any one of claims 1to 9, where-
in said reading window (17)is facing towards the flow
of mixture crossing the outlet device (13), the method
comprising:

- stopping the distribution of the mixture when a
certain desired degree of homogeneity is lost.

Apparatus for mixing ingredients of an animal feed
recipe, comprising: a mixer wagon (1), which com-
prises a container (5) designed to contain the ingre-
dients, a motorised mixing system (7) applied to the
container (5) for mixing the ingredients in the con-
tainer (5), and an outlet device (13) for the exit of the
mixture; an electromagnetic spectrum analyser (15)
which can be mounted on the container (5) with a
reading window (17) thereof facing towards the in-
side of the container (5), or on the outlet device (13)
with the reading window (17) facing towards the flow
of mixture crossing, in use, the outletdevice (13); and
processing and control means (19), which are con-
figured to implement the method according to any
one of claims 1 to 12.
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